This relation restricts the way in which a nities and homotheties of an image a ect dimensional measurements on it, and results in a decoupling between a nity and homothety measurements. For example, the \volume" of f, V (f) = R f(x) dx, is dimensional since, V (f 0 ) = 1 ?2 2 V (f) with f 0 = 1 f( 2 x). If f(x) is the irradiance at x then V (f) has physical signi cance as the total radiant power.
Rivest et. al. 1] indicate that useful image processing operators should conserve dimensionality. It is commonly thought that \volumic" (non-at) morphological structuring elements lead to the break-down of dimensionality in morphological operations 1, 2] . This is true for xed scale structuring elements.
However we show in section 3, that in the morphological dilation-erosion scalespace of Jackway 3] , any dimensional functional of the scale-space image is also a dimensional functional of the underlying image, if an \elliptic poweroid" structuring function is used. Before we show this result we introduce in the next section a scale-space formed by the morphological dilation-erosion with multiscale structuring functions.
MORPHOLOGICAL SCALE-SPACE

Scale-Space
The scale-space concept was named, formalised, and brought to image processing by Witkin 4] . It provides a way to associate signal descriptions across multiple scales. The idea is straightforward: if scale is considered as a con-tinuous parameter, then a description at one scale is related to that at another by the path traced out by the signal features in \scale-space" as scale is varied continuously between the two values. Witkin's scale-space uses a Gaussian smoothing lter to generate the signal description at a particular scale. The
Gaussian has been shown to be unique among linear lters for this purpose 5].
In the Gaussian scale-space an image f(x) is expanded to form the \scale-space image" F(x; ) by convolution with the multiscaled Gaussian kernel G (x) with the scale parameter of the kernel:
The de ning attribute of \scale-space", is the existence of a causality principle 
Mathematical Morphology
Mathematical morphology is a recent branch of mathematics which deals with some basic and useful operations between two sets (the image and the structuring element). Mathematical morphology was popularised and brought to image analysis and image processing by Serra 7] , although much of the mathematical framework was published earlier by Matheron 8] . Mathematical morphology was extended in a natural way from sets to functions by Sternberg 2] . Two fun- 
The \max" and \min" operations are taken over the domain of the structuring function D(g). To avoid level-shifting e ects, we require the structuring functions to be non-positive and to pass through the origin, that is,
Chen and Yan 6] have used the morphological \opening" operation f g = (f g) g] with multiscale disks to show a scale-space causality theorem for the zero-crossings of the boundary curvature, of objects in a binary image. This result has since been found to apply to any scaled compact and convex structuring 
Multiscale Dilation-Erosion Scale-Space
If we use a scaled structuring function
where is a scale parameter, we can join dilation and erosion at zero scale to form a single multiscale operation which uni es the morphological operations:
De nition 4 (Multiscale Dilation-Erosion): The multiscale dilationerosion of the signal f(x) : R n ! R by the scaled structuring function g (x) : R n R ! R is denoted by f~g , and is de ned by
That is, for positive scales we perform a dilation, for negative scales an erosion.
Note that with this method scale may be negative, it is j j which corresponds to the intuitive notion of scale. Having proposed a suitable operator, we now de ne the associated \scale-space image" F : R n R ! R as:
where the (n + 1)-dimensional space given by R n R is known as the \multi-scale dilation-erosion scale-space". This theoretical construct contains information about the signal, in its original form, and after dilations and erosions at all scales. We can now form a signal representation by considering only the signal features in this scale-space. We de ne the following point sets of the location of the local extrema of a function:
E min (f) = fx : f(x) is a local minimumg :
The \multiscale dilation-erosion scale-space ngerprint" is a plot, versus scale, of the scale-dependent point-sets:
An example of such a ngerprint for a 1-D random signal can be seen in Fig. 2 .
In image analysis it is often desirable to ensure isotropic properties in any To cater for non-isotropic (directional) ltering we generalise and de ne a (negative) \elliptic poweroid" family of scaled structuring functions:
where A is a symmetric positive de nite matrix. In 2-D the contours g (x) = constant are ellipses of various orientation and eccentricity. If A is the unit matrix then (9) reduces to the isotropic case (8) . Van den Boomgaard has previously used the elliptic paraboloids ( = 2) in multiscale morphology 12].
Now we show that the multiscale dilation-erosion scale-space generated from elliptic poweroid structuring functions possesses dimensionality properties.
DIMENSIONALITY PROPERTIES OF POWEROID STRUCTURING FUNCTIONS
Extending the de nition of dimensionality to scale-space images we de ne:
De In scale-space ltering we work with the scale-space image which is of higher dimensionality than the signal 4]. We should be careful to ensure that any operations used on the scale-space image preserve dimensionality. Furthermore, it is very important to ensure that, at any given scale, these scale-space operations are invariant under any homothety and a nity applied on the image itself. As an illustrative example, suppose we were to try matching 1-D signals by counting the number of closed loops in their morphological scale-space ngerprints (see Fig. 2 ).
Since the existence and relative position of local extrema are invariant under homothety and a nity, the number of closed ngerprint loops is a dimensional functional on the scale-space image in the sense of de nition 5. Additionally, if the original signal itself is subject to a homothety and an a nity, then it will also be expected that the local extrema are invariant. So we need to nd out how to construct dimensional functionals of F, which are also dimensional, when viewed as functionals of f. We next show the necessity of the poweroid structuring functions.
From the preceding part of the proof it is evident that the proposition will only hold for structuring functions for which there exists some 3 > 0 such that equation (10) is satis ed. In this case, using the scaling relation (3) we can rewrite (10) Apart from the general observation that (for any xed scale) the more \pointed"
(low ) structuring functions tend to give more emphasis to the local shape near a signal point, the author does not know any general criteria for selecting . 
CONCLUSION
In this paper, we have introduced multiscale morphological scale-space, and
we have de ned a dimensionality property of functionals of this scale-space. It has been shown that any dimensional functional of the scale-space image is also a dimensional functional of the underlying signal, if and only if, structuring functions from the \elliptic poweroid" family, are used to construct the scale-space.
Of all elliptic poweroid functions, the paraboloid enjoys a number of useful theoretical and practical properties, which make it the preferable as a structuring function, when gray tone morphological image processing is of concern.
As an example of the dimensionality property in 1-D we present indicating the conservation of dimensionality.
